Human IgG immunoglobulins have been divided antigenically into four subclasses, IgC,, IgG2, IgG3, and IgG4 (1-3). Of these, IgGl and IgG2 comprise the major portion of total IgG, 60 and 30%~espectively. Although the biological importance of the four IgCi subclasses is unknown, studies of myeloma proteins have revealed that these subclasses differ in their relative abilities to fix complement, to cross the placenta, and to bind to macrophages (4-6). In addition, antibodies to certain types of antigens, such as polysaccharides, are found to be relatively restricted to particular subclasses, i.c. IgG2 in humans (7, 8 j and IgG, in mice (9, 10) . Finally, striking differences in the ontogeny of subclasses have been reported, with IgG2 and IgG4 maturing much later than IgGl and IgG3 in normal children (1 1-13).
It is known that antipolysaccharide antibodies play an important role in protective immunity against polysaccharide encapsulated bacterial pathogens (1 4-16). Recent studics indicate that genetic factors, particularly genes associated with certain Gm and/or Km immunoglobulin allotypes, may be associated with altered responsiveness to vaccines containing bacterial polysaccharides (17) (18) (19) . In addition, black children lacking the Km(1) allotype have an increased relative risk of developing meningitis caused by Hib (1 7). Since human antipolysaccharide antibodies have been reported to be relatively restricted to the IgG2 subclass, it was of interest to determine if factors which appear to influence the production of antipolysaccharide antibodies, i.e. race and immunoglobulin allotype, might do so by virtue of their relation to the maturation and distribution of lgG subclasses in serum.
In this study, we first established normal age-group values for serum concentrations of IgC, IgG,, and IgG, in our laboratory. We then examined the effects of sex, race, and Km(l) and Gm(23) allotypes on these immunoglobulin concentrations in a group of children ages 7 to 38 months and in adults. We found that black subjects, particularly those with certain immunoglobulin allotypes, had higher serum concentrations of IgC, IgG,, and IgGl.
METHODS

Subjects.
Normal subjects included 41 healthy adults and 1 14 healthy children, 7 months through 16 yr of age. These subjects were participants in various vaccine studies, or were recruited sequentially from among children presenting to a pediatric office for routine preventive care. Subjects in vaccine studies were included based on availability of sera and race (to include equal numbers of blacks and whites). In order to increase the sample size of sera from subjects with allotypes present in low numbers in the above sample [e.g. Km(1) positive whites and Km(1) negative blacks], we also included 10 serum samples that had previously been typed for Gm (23) and Km(1). After obtaining infbrmed consent, serum was collected by venipuncture and stored at -20" C.
Laboratory methods. Serum IgG, and IgG, subclass concentrations were measured by a solid phase radioimunoassay (20) employing subclass specific reagents. In brief, a monoclonal antihuman IgG, reagent was prepared by immunization of a BALB/C mouse with "Cal," an IgG, myeloma protein (20) . An antihuman IgG, reagent was prepared by immunization of a monkey (Mucacu fasicuiaris) with two IgG, myeloma proteins, "Ziem" (IgGlk) and "Gar" (IgG,X) (20) . The animal was primed with Fc fragments and boosted with intact protein. Seruni was rendered IgG, specific by extensive absorption and affinity pu-rification using lgGi and IgG2 conjugated sepharose 4B (Pharmacia, Piscataway, NJ) columns, respectively. Polyvinyl 96-well microtiter plates (Dynatech, Alexandria, VA) were coated with subclass-specific antisera in phosphate-buffered saline. After coating with antiserum, plates were washed with 0.05% Tween 20 in normal saline and uncoated sites were blocked with 1% bovine serum albumin. Serum and myeloma standards were added to the plates and serial 4-lbld dilutions were performed in the plate. A proband myeloma, radiolabeled with "' I by the chloramine T method (21) , was added to each well. The plates were incubated overnight at room temperature, washed, and individual wells were counted. The concentration of IgGi or IgG2 was calculated by comparison with the myeloma standard. The specificity of the IgGl and IgG, assays was confirmed using a panel of 39 purified human myeloma proteins (20) . The World Health Organization reference serum 67/97 (IgG content 7700 pg/ml) was included in each assay as an internal control. The mean i SD value (pg/ml) determined for IgG, IgGi and IgG, in this reference serum, using our assays, compared well to those previously published (22) Determination of the Gm (23) and Km(1) allotypes was performed on coded serum samples, using a hemagglutination inhibition assay with reagents described previously (23, 24) . Suficient sera for analysis was available from 36 adults and 64 children less than 38 months of age.
The concentration of total IgG in serum was measured by radial immunodiffusion using the kinetic (Fahey) method and commercial kits (ICL Scientific: Fountain Valley, CA).
Statistical analysis. Statistical analysis was performed using SPSS programs (25) on a Harris 500 computer. Correlation analysis was used to assess the association between age and immunoglobulin concentration. ANOVA was used lo test for differences in immunoglobulin concentrations among all subjects when grouped by age and among adults grouped by sex, race, or allotype. To allow for m~iltiple comparisons, the Scheffi: procedure was used to compare the age group means. For children, ANCOVA was used to remove the effect of age when testing for mean differences based on sex, race, or allotype.
Normal values for immunoglobulin concentrations for the various age groups are expressed as geometic means. The normal range for each age group was determined by taking the antilog of mean logarithm (+-2 SD of the logarithms). ? The normal bounds in parentheses were determined by taking the antilog of (mean logarithm t 2 SD of the logarithms). Male  25  5338*  1127  8445  Female  39  7044*  1140  8835  Adults  Male  18  7437  3025  12,364  Female  18  6512  2865 13.520 * p = 0.02 by 1-way ANCOVA with age as a covariate
RESULTS
The geometric mean IgGI, IgG,, and IgG concentrations in groups of normal subjects of various ages are shown in Table 1 . As previously reported (1 1, 12), serum concentrations of IgGi increase rapidly during the 1st yr of life. Even in the youngest age group in this study (7-1 2 months) the concentrations were not significantly lower than those of adults.
The maturation of serum 1gG2 concentration differed considerably from that of IgGI. In children 7-12 months of age, the mean concentration of IgG2 was 30% of the adult value and rose to only 47% of the adult value by 3 1-36 months of age. Another measure of the prominent age-effect on IgG2 was the positive correlation with age in children less than 38 months of age ( r = 0.46, p < 0.00 1); in contrast, the correlation ( r = 0.07) between age and IgGi was not significantly different from zero. Total serum IgG correlated with age in children less than 38 months of age ( r = 0.37, p = 0.002).
The effects of sex, race, and the Gm(23) and Km(1) immunoglobulin allotypes on serum IgGl, IgGz, and IgG concentrations were tested. Data were analyzed separately for children and for adults. Children 7-38 months of age were chosen because of the significant linear correlation between age and both IgG and. IgGz serum concentrations in these subjects. This correlatior~ permitted the use of ANCOVA to test for the effects of sex, race., or immunoglobulin allotype on immunoglobulin concentration:; in young children while controlling for age.
Female children were found to have significantly higher ( p = 0.02) serum concentrations of IgGI than males (Table 2 ). In adults, there were no significant differences in the serum concell-. trations of IgGI, IgG2, or total IgG between males and females.
We used 2-way ANOVA and ANCOVA to test for both main and interactive effects of race and immunoglobulin allotypes on serum concer~trations of IgC,, IgG,, and IgC. As summarized in Table 3 , 2-way analysis of the relation of immunogiobulins to Km(1) and race showed no significant differences in IgGl concentrations between subjects of different races although there was a trend for IgC, to be higher in blacks than in whites (for adults, p = 0.07, and for children, p = 0.09). IgG2 concentrations were significantly higher in black adults than in white adults (I;' = 0.02). However, in children, this difference was apparent only in subjects with the Km(1) allotype ( p = 0.02, by ANCOVA with age as the covariate). Black children had significantly higher concentrations of total IgG (mean 9973 ,ug/ml) than white children (7780 ,ug/ml) ( p = 0.02). Although IgG concentrations also tended to be higher in black adults, this difference was not statistically significant ( p = 0.07). The effects of race and Gm(2.3) allotype on immunoglobulin concentrations are shown in Table 4 . In this analysis, with Cim(23) as the second factor in the 2-way ANOVA, the higher mean concentration of IgG, in black adults was statistically significant ( p = 0.02). IgG, concentrations also tended to be higher in black children than in white children ( p = 0.09). IgG2 concentrations were again found to be significantly higher in black adults ( p = 0.04). In addition, a significant interaction effect between race and Gm(23) allotype was found in black adults but not black children. Black adults who lacked the Gm(23) allotype had very high serum concentrations of IgGz (mean = 4325 pg/ml), approxi~uately twice the mean concentrations of 1gG2 in the other three adult groups. Finally, as in the 2-way analysis with Km(l), serum concentrations of IgG were significantly higher in black children than in white children ( p = 0.006) and tended to be higher in black adults than in white adults ( p = 0.07).
DISCUSSION
Employing solid phase inhibition assays, we obtained values for IgG, and IgG2 which are similar to those previously reported (1 1-1 3) . We developed these assays in order to test large numbers of samples, including some at low concentrations of IgG subclasses using small quantities of antisera (20) . Our data confirm earlier observations of age-related changes in immunoglobulin concentrations, and indicate further that IgG, and IgG2 concentrations are influenced by sex and race of the subject, and by the presence or absence of the Km(1) and Gm(23) allotypes.
Specifically, IgG2 concentrations were lower in children up to 108 months (9 yr) of age than in adults. On the other hand, IgG, concentrations of only the youngest children (7-12 months) were less than those of normal adults, and in older children concentrations of IgG, were higher than in adults. Higher concentrations of IgG, in older children have been noted in previous studies ( 13) and may reflect response to hyperimmunization resulting from routine childhood immunization and frequent infections.
Although normal age group values for IgG, TgA, and IgM have been established separately for males and females, only one previous study of IgG subclass concentrations in children has addressed the possible influence of gender. Van Der Giessen et a!. (13) found no significant differences in subclass concentrations between boys and girls more than 48 months of age. In our analysis of the values in children 7-38 months of age, we found significantly greater concentrations of IgG, in females than in males. This difference was not noted in adults.
In 1968, Buckley et a/. (26) reported significantly higher concentrations of IgG in black subjects 6 through 14 yr of age compared to those in whites of comparable age. No significant differences in IgG concentrations were found in black and white children less than 6 yr of age; however, no correction was made for age so the effect of race on IgG in this group of children may have been masked by inclusion of a greater proportion of bla.cks who were very young (<9 months). Using ANCOVA to correct for age, we found that black children between 7 and 38 months of age had significantly higher serum concentrations of 1gG than white children (Table 3 ). In addition, black adults had higher IgG, and IgG2 concentrations than white adults. Although IgG, tended to be higher in black children, serum IgG, and IgG2 concentrations did not differ significantly in black and white children when only the single effect of race was tested.
Previous studies suggested an effect of immunoglobulin allotype on serum concentrations of IgG subclasses (1 3, 22, 27) but the results were conflicting. In one study, both IgG2 and rgG4 concentrations were higher in persons with the Gm(23) phenotype (22) . In a subsequent study (27) IgG4 but not IgG2 concentrations were increased in subjects with Gm(23) compared with the corresponding values of subjects lacking Gm (23) . In a third study ( 1 3), mean IgG2 concentrations were higher in sera positive for Gm(23) than in sera lacking this allotype. In the present study, with one exception, there were no significant differences in subclass concentrations related to this allotype. The exception was higher IgG2 concentrations in black adults lacking Gm(23) ( Table 3) . However, the Gm(23) allotype, frequent in whites, is rarely found in African blacks (28) . Thus, we believe that the relation of serum IgG2 concentrations with Gm(23) allotype in our North American blacks reflects the influence of racial admixture rather than an allotype effect, since black race itself was associated with higher IgCz concentrations than white race, and Gm (23) 
